1. Introduction
Magnetic fields and currents in jets
The radio emission from AGN jets is primarily synchrotron radiation, which is created by relativistic electrons accelerated by magnetic field lines, both of which are found in astrophysical jets. Synchrotron radiation can be highly linearly polarized, up to a theoretical limit of ∼ 70 %, making radio polarization measurements a useful probe of the magnetic field properties of jets.
A method to directly infer the existence of toroidal or helical magnetic field in AGN jets is identifying traverse gradients in the Faraday rotation measure (RM) across the jet. Faraday rotation is a change in the observed polarization angle due to the presence of a region of magnetic field and free electrons along the line of sight:
where χ obs and χ 0 denote the observed and intrinsic polarization angles, RM is the Faraday rotation measure, λ is the observing wavelength, n e is the electron density, B is the magnetic field and dl is a unit length vector along the line of sight. This relation is valid when the Faraday rotation occurs outside the emission region; in this case, the measured RM is directly proportional to the line-ofsight magnetic field and electron density. Therefore a significant gradient in the RM transverse to the jet could imply a similarly changing line-of-sight magnetic field component around the jet. For our analysis, the significance of an RM gradient was calculated using its end-point values and associated errors in RM as follows:
Where the RM and ∆RM values indicate the rotation measures and associated errors for the start and end points. If a gradient has a significance of 3σ or higher and appears relatively smooth and monotonic, it can be considered to be statistically significant and therefore a probable indicator of a toroidal or helical magnetic field component. Such a field should induce an electrical current within the jet according to Ampères law. The statistics show that, on small scales observed with VLBI, a statistically significant majority of transverse RM gradients imply an inward (toward jet base) electrical currents [1] , while the gradients detected on larger scales such as those observed with the VLA all infer an outward electrical currents [2] .
New results
The new results presented in this publication include multi-wavelength studies of 3 AGN which were previously reported to display transverse RM gradients: NGC 6251, 3C 303 and 3C 219. The uncertainties in the rotation measures and therefore the statistical significance of these gradients was not reported in the original publications, requiring a re-analysis of the data. Furthermore, the analysis of these data can be improved by adding in further, more recent, archival observations to confirm results, as was done with NGC 6251, or to extend the range of wavelengths used, as was done with 3C 303. VLBI observation analysis was not performed for these AGN, NGC 6251 being the only one that has been monitored by the MOJAVE project shows little to no polarization at 15 GHz (<0.5% polarized as of 2013) therefore a multiwavelegth observation from 1.4 -5 GHz to map RM would be unlikely to show detailed polarization structure. Furthermore, no RM map is shown and no median RM value is given in Table 1 . of [4] where such a study is performed.
Results and analysis

NGC 6251
The VLA-scale Faraday-rotation distribution of the z = 0.0234 AGN NGC 6251 was studied in [5] , where the presence of transverse RM gradients was noted. This is a very clear one sided FR I source, with an obviously well collimated jet, although diffuse emission from the counter-jet is visible on larger scales. The collimation was initially believed to be due to a dense X-ray atmosphere surrounding the galaxy, however the X-ray environment is most likely not dense enough to bring this about, making magnetic confinement more likely [6] . We downloaded from the VLA archive the original data at 1.37 and 1.66 GHz observed on 5 December 1980, 1.48 GHz observed on 5 November 1979, and 4.9 GHz observed on 5 Nov 1980, published in [5] and calibrated them using standard procedures in AIPS. A plot showing the significance of each slice versus distance along the jet is given on the right. The RM was corrected for Galactic Faraday rotation by subracting the integrated value of -49 rad m −2 calculated from the diffuse emission in the outer jet of NGC 6251 in [5] .
To confirm this result, archival observations at 4.5-6.5 GHz originally taken on 1 December 2013 were downloaded from the VLA archive and calibrated using standard procedures in CASA. Even though these data were not as sensitive to RM due to the smaller range of λ 2 , an RM map similar to the map in Figure 1 could be produced. This RM map is displayed in Figure 2 together with a plot of the significances of transverse gradients as a function of distance along the jet for the segment of the jet enclosed by the black rectangle. Although the overall sensitivity to the RM variations is lower than in Figure 1 , the significances of the RM gradients go above 3σ in some regions, confirming the results shown in Figure 1 . Concerning the parsec scale jet for this source, NGC 6251 has been monitored by the MOJAVE ( [3] ) project and shows little to no polarization at 15 GHz (<0.5% polarized as of latest observation in 2013). Multiwavelegth observations to calculate RM are expected to show little or no significant polarization structure, due to depolarization; for example in Table 1 . of [4] ,where such a study is performed, no median RM value is given and no RM map is shown.
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3C 303
A transverse RM gradient across the kiloparsec scale jet of 3C 303 was reported in [7] , where the magnitude of the RM gradient is specified, however with no indication of the uncertainties in the RM. We downloaded the original data for 1.4 and 4.9 GHz observed on the 20 April 1981 from the VLA archive and calibrated them using AIPS. To extend the range of wavelengths, an archival observation at 15 GHz observed on 8 December 1986, at a similar resolution, was also downloaded from the archive and calibrated. As the rotation measure image produced in [7] was made using only two frequencies (1.4 GHz and 4.9 GHz), adding the 15 GHz data gives a better insight into the errors in the χ vs λ 2 fits and therefore a better estimate of the error in the RM. The RM image was also corrected for Galactic Faraday rotation by having the integrated value of 18 ± 2 rad m −2 [8] subtracted from the calculated RM, as was done in [7] . The RM map is presented in Figure 3 with a zoomed in region of the knot labelled 'E3' in [7] , where the purported transverse RM gradient was first reported. A gradient is visible by eye across this knot at the location of the black line through E3 in Figure 3 . Applying the same method which was used for the region with gradients
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Sebastian Knuettel in NGC 6251, possible transverse RM gradients in the 'E3' knot region were analysed and tested for their significance. The significances of these gradients were not more then 1.5σ , and therefore we conclude that this seeming transverse RM gradient most likely came about by chance. There is little published about the parsec scale jet; a one-sided jet is seen in the 5 GHz global VLBI image in Figure 15 . of [9] , but no additional polarization information on these scales is known to the authors. 
3C 219
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This is a twin lobed radio galaxy at redshift z = 0.1745, for which a possible RM gradient was reported in [10] . The presence of a helical magnetic field threading the jet was not ruled out in [10] , however this was not the focus of that paper, and the possible transverse RM gradient was not fully analysed. The raw data at 1.3, 1.6 and 4.9 GHz observed on 6 September 1986 used in [10] were downloaded from the VLA archive and calibrated using CASA. The RM map was made using a common convolving beam of 5 and is shown in Figure 4 . A Galactic contribution to the RM of -12.6 rad m −2 [11] was subtracted. Our analysis showed that the RM profiles across the jet in the region where possible transverse RM gradients were claimed in [10] are generally not monotonic. A slice of RM values in the region of transverse RM gradients reported in [10] taken at the position shown in the left panel is given in the right panel as an example. The slice is not monotonic, but there is nevertheless a clear trend in the RM across the jet; the difference in the end RM values is highly significant ( ∼ 14σ ). In addition, the sign of the RM changes from one end of the slice to the other, indicating a change in the line-of-sight magnetic field component, and this cannot be explained by a change in the electron density alone. Some random fluctuations in the RM structure due to local patchiness and turbulence are not unexpected, and it is possible that we are seeing the result of a transverse RM gradient due to a toroidal field component with a random RM distribution superposed. The rest of the RM distribution seems fairly patchy. All considered, we regard this only as a tentative transverse RM gradient, particularly given that it is localized in only a very small region of the jet. Analysis of observations on similar scales with higher sensitivity to Faraday rotation may help resolve this question. Images of the parsec scale jet and analysis of VLBI data are not published to the best of our knowledge. The unresolved core of this AGN has a 5 GHz flux of <70 mJy in the data published here, hence a high-resolution VLBI detection with significant polarization information would be unlikely.
Conclusion
We have presented VLA Faraday rotation images for 3 AGNs. Data for NGC 6251 from archival observations at 1.37, 1.48, 1.66 and 4.9 GHz taken between 1979 and 1980 have been re-analysed, as well as previously unpublished wideband observations at 4.5-6.5 GHz taken in December 2013. Both of these datasets show statistically significant RM gradients across the kiloparsec-scale jet of NGC 6251, confirming the suspicions of Perley et al [5] .
The previously reported kiloparsec scale transverse RM gradient across the jet of 3C 303 has been shown not to be significant by our analysis, which did not indicate the presence of any transverse RM gradients with significance > 1.5σ .
Our analysis of a transverse RM gradient in 3C 219 previously noted in [10] yielded only a tentative result: only a small portion of the jet shows a possible transverse gradient, which may be quite significant but is not monotonic.
Looking at the total collection of examples of statistically significant large-scale transverse RM gradients in AGN jets, there are now 12 results (previous results from [12] and [2] and the result for NGC 6251 from this publication). The direction of all these gradients imply outward electrical currents. Using a binomial probability distribution this implies a strong preference for outward currents and an only 0.024% chance of being a random coincidence. Including the tentative result for 3C 219, which has a gradient inferring an inward current, and again applying the binomial proba-bility distribution, the chance that the outward current preference is random increases only slightly to 0.16%. This conclusively demonstrates a strong preference for the dominant currents on kiloparsec scales to be outward. When combined with the statistically significance preference for the dominant currents on parsec scales to be inward, this suggests a co-axial cable-like configuration of B fields and currents, as suggested earlier in [1, 12] .
